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Abstract

The Chigou copper-molybdenum polymetallic deposit is a porphyry deposit in the Qinling orogenic belt. The
ores show disseminated and fine-grained disseminated structure in Chigou quartz diorite. Geochemical analyses
show that the intermediate-acid intrusive body of Chigou belongs to high-K calc-alkaline series, with aluminum-
peraluminous characteristics. Trace elements features show the similarity to post-collision type granite. The dat-
ing by LA-ICP-MS of zircons and Re-Os of molybdenite indicates that the intermediate-acid intrusive body of
Chigou have ages from 140 to 148 Ma, whereas the age of molybdenite obtained by Re-Os method is 148Ma.
The ages of the intrusive body and its mineralization are consistent with each other, suggesting that they were
both produced in the late Jurassie period. Combining the mode of formation of the intrusive body with its ore-
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beaning potential, the authors hold that the intrusive body was produced and mineralized in the pericd of extru-
sion-stretching transformation during Jurassic to Cretaceous time. In addition, its geodynamics setting corre-
sponded to the process of intra-continent crogeny and extension during the collision between North China plate

and Yangtze plate.

Key words: geology, intermediate-acid intrusion, geochemical analyses, isotopic geochronology, ore-forming

background, Chigou in Shangyang County
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Fig. 1 Simplified geological map of Chigou area in Shanyang County
1—Cale-sandy slate and diopside-quartz hornfels: 2—Diocpside-quartz homfels: 3—Diopside homstone intercalated with biotite hornfels; 4—Biaotite
hornfels intercalated with diopside hornstone: 5—Homfelsic silt-slate and biotite hornfels: 6—Skarn: 7—Monzonitic granite: 8—Quartz diorite;
9—CQuartz diorite porphyrite; 10—Measured and inferred fault: 11—Stratigraphic boundary: 12—Location and serial mumber of drill hole:
13— Sampling location and serial mmber
PR AR B AR T R, b .
KB AEERE FEARAAE B L EMY
WHE, § R W RS AT EET N E HR 2 B HSRRE
R TS ROV PERG AR AR
A EAZB EER BEA @G FRG. S0 2.1 ESRSKE
A EAES. FANERREEFTRR. ERE R WPk IR 2 Pk S A 2 3%, B KB
R GUKR AR PR R AR FRAE S, 0P BREERKEE AR BERIEV RS EY
EESIR SRS LRIZXNAERE, EEE R 1.



810 FOK #H & 2014 £

#1 ABRFRERESREIESEET BN
Table 1 Shape and main rock-forming mineraks content of the Intrusive rocks in Chigon area
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Fig. 2 Micreacopic features of the intrusive rocks in Chigou area
B, 201-60 is monzonitic granite porphyry of No. I mek badyr b, OG3 ia dioritic porphyrite of No. VI mock badyr e. CG6 is parphyritic
quartz diorite of Neo. IV rock bodyr d. SG20 is quartz disrite of No. 1T rock body
Hr—Amphibole; Bi—Biotites Kis—K-feldspar; PI—Plagioclases Cht—Chlorite
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Table 2 Major elements: rare earth elements and trace elemenis analyes of the imbrnsive rocks in Chigon area
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BARER AERKH FHRERTEE —KIERE AXAKLH AEREE AXAES FERKE HRESA
BRES 57201-1 401-11 101-25 SG20 cG? 1302-9 CGR XK1
wiB)/ %
S0, 65.75 61.14 66.43 38.0m 62.67 62.22 65.78 67.78
TiO; 0.40 0.46 0.40 0.84 0.67 0.57 0.50 0.22
Al O, 15.95 15.02 15.71 16.20 16.46 15.18 16.44 14.26
FepOy 3.87 4.03 3.63 7.29 4.39 4.49 2.33 1.68
MnO 0.06 0.08 0.14 0.12 0.05 0.05 0.03 ¢.20
MO 1.23 1.57 1.21 3.39 2.25 1.92 1.23 0.67
CeO 2.90 .75 2.7 5.10 2.46 3.53 2.63 3.75
Ne:O 4.18 2.57 4.14 3.9 KN 3.69 3.64 0.17
K0 3.06 4.06 3.8 2.92 3.46 3.48 5.11 5.61
PO 0.24 0.23 0.25 0.50 0.45 0.3%7 0.33 0.13
Cr 04 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01
510 0.10 0.03 0.13 0.14 0.15 0.13 0.14 0.03
BeO 0.16 0.11 0.41 0.33 0.39 0.33 0.40 0.12
Lo1 1.87 6.74 1.50 1.14 173 3.84 1.24 4.4%
BRI 90.78 99.80 9%.87 99.95 9%9.05 99.81 99.81 99.12
Na; O+ K0 7.24 6.63 7.98 6.88 7.37 7.17 8.75 5.78
K0/ Ney O 0.73 1.58 0.93 0.74 0.88 0.94 1.40 33.00
R1 2071.46 2097.01 1954, 77 1570.34 1849, 07 1892.54 1822, 44 3093.78
R2 684,18 TI3.75 589.68 1031.66 697.73 770.72 756.94 279.72
a% 2.3 2.42 2.72 3.15 2.76 2.67 3.36 1.35
A/CNK" 1.03 0.97 1.07 0.85 1.12 0.93 1.1 1.08
A/NK* 1.56 1.74 1.43 1.67 1.62 1.54 1.43 2,24
w(B)/10°%
La 26.30 44.30 50.30 41.00 42.80 39.60 4400 2.10
Ce 51.00 84.70 85.80 79.90 82.40 74.80 85.90 43.90
Pr 6.29 9.45 9.36 9.59 9.87 8.62 9.94 5.28
Nd 23.50 33.10 32.20 35.B0 37.00 31.90 35.40 19.10
Sm 4,08 5.41 5.07 6.34 6.31 5.49 5.67 3.31
Eu 1.07 1.29 1.23 1.65 1.75 1.35 1.51 0.81
Gd 3.49 4.66 4.34 5.45 5.72 4.67 4.77 2.83
Tb 0.47 0.59 0.50 0.70 0.74 0.58 0.58 0.35
Dy 2.54 3.15 2.48 3.8 3.94 3.03 2.89 1.90
Ho 0.45 0.61 0.45 0.69 0.74 0.55 .51 0.34
Er 1.40 1.96 1.34 2.07 2.26 1.71 1.72 1.18
Tm 0.17 0.26 0.16 0.27 0.28 0.22 0.20 0.14
Yb 1.35 1.88 1.30 1.54 2.07 1.65 1.64 1.13
Lu 0.21 0.31 0.20 0.31 0.32 0.26 0.25 0.18
Ba 1525.0 1040.0 3770.0 2890.0 3490.0 3130.0 3490.0 1210.0
Co 7.40 2.60 5.70 16.20 9.10 9.80 22.50 1.50
Cc 10.00 <10 20.00 40.00 10.00 20.00 10.00 <10
Ca 4.05 4.24 1.52 2.83 2.84 3.08 4.43 2.89
Ga 18.80 17.60 20.50 20.00 20.4) 19.50 19.70 17.10
Hf 4,00 5.10 5.40 5.20 6.20 5.90 5.80 3.40
Nb 7.70 8.50 15.60 14,34 15.30 15.70 16.80 8.80
Pb 30.00 <5 13.400 12.00 13.00 11.00 14.00 336.00
Rb 82.60 147.00 81.50 75.70 106. 50 119.00 152.00 187.00
So 1.00 2.00 2.00 2,00 2.00 1.00 3.00 1.00
S 834.00 175.00 1155.00 1230.00 1260.00 1190.00 1115.00 215.00
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Ta 0.50 0.50 1.10 0.9) 1.00 1.10 1.10 0.70
Th 5.12 7.64 21.00 12.05 15.40 17.30 21.00 6.47
Tl <{.5 0.60 <0.5 0.50 0.50 0.50 0.8D 0.70
u 1.53 1.49 4.09 1.8B6 3.48 4,60 4.20 2,44
v 51.00 56.00 58.00 139.00 101.00 82.00 69.00 31.00
W 1.00 2.00 3.00 2.00 3.00 3.00 2.00 5.00
Y 13.70 17.70 13.00 19.70 21.10 16.00 15.50 11.30
Zn 45.00 29.00 24.00 57.00 44.00 32.00 20.00 272.00
Zr 146.00 184.00 192.00 188.00 225.00 213.00 206.00 110.00
FREE 122.32 191.47 194.73 189.52 196.20 174.43 194.98 102.55
LREE 112,24 178.25 183.96 174.28 180.13 161.76 182,42 94, 50
HREE 10.08 13.42 10.77 15.24 16.07 12.67 12.56 8.05
LREE/HREE 11.13 13.28 17.08 11. 44 11.21 12.77 14.52 11.74
(La/YbX; 12.99 15.71 25.79 14.09 13.78 16.00 17.89 13.04
8Eu* 0.85 0.77 0.78 0.84 0:.88 0.80 0.87 0.79
8Ce" 0.87 0.90 0.84 0.88 0.87 0.88 0.89 0.89
B ERERRRE TR ES B S EZ AR HERA T MEXREO6X 3k 3T XA MEMSS1 R BB SETHE
WL, « BN 1
3.2 B ETREST
SHEOHESNBECR BLoRHHERL
#2. WML TGEEBEEIREE ¥ 102.55 X 1076 ~
196.2 X 10”5, LREE/HREE = 11.13 ~17.08, (La/
Yh)y = 12.99 ~ 25,79, 8Eu = 0.77 ~ 0.88, 8Ce =
0.84~0.90. W LILRRNBRAHRECRESER
TEFNERB L o EBRANIT B . BHLOETE
s, HESERE. HARF(E 6. METER
ﬁ‘ K\Rb\ 'Ivh\Bﬁ E%’ Ta.\ NbaCe Ej:%'slzy Zl'\Hfs
i " Sm-Y-Yb SHEME S (& 6b). BAELEHELTER
fg/a /gm Kl qim —.H\ HE ; AR5 Pearce 2(1984) RN R I BFE B

SRR AN TN
AR
B4 MR ARRZEN QAP EMR
Fig. 4 Q-A-P discrimination plots for the
intrusive rocks in Chigou area
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5 HEER" Re-Os ARG R (K 3DERB,
TRAAHET R T w (TR BAK, ZILTEH b
(48.71+0.43) X107 6~(179.9+ 1.4) X 1078, #4H
B Re-Os IR ELEEE, H(147.112.2)~
(148.3£2.1) Ma. SHAR. KA. KW\ NEHK
B3P, T2 KT Re- O K 8,
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Table 3 Analytical data of Re-Os isotopes for molyhdenites in Chigon area

BRs m/g w(Re)/ pgle w(¥ Os¥ogly  w¥Re)/pg/g w(¥0e)/ng/g B EN/ Ma
1302-38 0.00555 152.3+1.2 0.0644 +0.3610 95.70+0.74 236.242.0 147.9+2.1
1302-40 0.00533 77.50£0.68  0.0672£0.2259  48.7110.43 119.9+1.2 147.6+2.3
130241 0.00548 77.63£0.60  0.0652+0.2192  48.79+0.38 119.8£1.1 147.112.2
101-6 0.00508 221.0+1.7 0. 0660 + 0. 3698 138.9+1.1 343.7+2.8 148.312.1
201-20 0.00583 286.2+2.3 0. 4819+ 0. 1400 179.911.4 444,2+3.6 148.012.1
JIDC¥WE1 0. 10033 17.11£0.13 - - 25.0+0.2 139.4 2.0
IDC M2 0.10045 17.04+0.13 - - 24.740.2 138.2+2.0
IDC #5¥ - 17.39+40.32 - - 25.46+0.60 139,6+3.8

¥: Re-Os ¥ EMNFHEEASEAARBANFERE. REANEERE. ABIEN M ERXTRE FHTERRAARICENER
2, BEAT o5%  MAERNATNRERAEERHENAIHREN.02% ) BERAT 95%: 3P0 R H > =1.666 X 10~/ Smoliar
et al. ; 1996), Re-Os A SERE T A A XK : 1 =[ a1 + B0s/ 5 Re) I/au

/'f -
4501 '
-~
350 -
— (~(148.142.0)Ma e
& b MSWD=0.1 7
£ 35 n=5 1o
T 250 g r
o B
- '
1501 ral 146k
N r
B < 144f
50 < 1 1 1 1 L L L L L
20 60 100 140 150 220

w{'"Re)

B 7 WAHREET I Re-Os AIARENEE
Fig. 7 Re-Os isochron plot of molybdenites in Chigou area

HERAHIHN(147.6+2.3) Ma R1(147.1+2.2) Ma,
WEAERENMENTA 8. FAH ISOPLOT & #
TR 5 AR BIRBAT ST R L H, T8 Re-Os
I R R E# 0 (148.1 £2.0) Ma, MSWD =
0.1C(& 7.

5 W #®

5.1 HERANE

Sy X ER A R 85 A LA-MC-ICP-MS
WELREY, K HERELERN 140~148
Ma, FEETT 144145 Ma, WA HER TBAR P
i, 7 =k BT A BT A b fY B S 1l B (W R4 5B
1989).

Shr L, th X h i B AN ER AR SR

LR EN A KSR NKAERIER RS S
BAHF, M S &ERER S &RER (140,95 +
0.45) Ma, R R%, 20088 F—H. WERTE
0 il A e 1Ly B, R R X M P R P N R TT BT R
FlR—HEE&.
5.2 RW L
FAENEGNELRIT REER R RT Hh
B DEBEROWERTEMBE. FIREEQ02)R
GRHRT KBRS BT ERMRT BE, B
B AR EEER T 140~120 Ma. HAWHERT
AR EERET 5 R H 8 KN K-Ar B
Rb-Sr ST R ¥E MR A, MRBIU WS E HER
X 94.6~172 Ma- /M AR R KEEERR R
BHER N 230 Ma, F B A B, o DURS B B 52 0 i
£o REHWHATHRIDETME K-Ar SF8
A BE R BT AL 4k B IS 1] (Selby et al. » 2001, 4
HZ T 4T 1 Re Os MFBRH— 2, MWET
Re-Os R R AR K HRERE 7000, N5
235 A ERRNAEF R, E ik, #H
7" Re-Os 4F88 RE & K5 1 b AQ 22 90 40 4 B 7 ) i AR
ARTTAREEY BN NEL 0.1 mm), X5
BRGNP 4 T B & (1302)3#
T 2 RERRR, WAER S5 H147.6£2.3)
MaR1(147.1£2.2) Ma(R 3D, ERE=WHE N EL
—B. AKAHARGHEHRERH(148.1£2.0)
Ma( & 7), K2R RBIEAZ W, KB T RET K
R B4R
5.3 MESRTHXE
AR RS i KA U-Pb R EER
140~ 148 Ma 51B4ET" Re-Os MR FE# (148 £2)
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Ma, ERZETVHAER—H, RAXT SEHEH
ET R REHETEEER. KRTBERET
AHEERGERS,2009), 4. H BT UB ERAE
RERAR, BEHBRY AR —WEEEEEHT, &
F—By RERER (BB E,1996).

BOHBRAESFERBR, N P
HHE N w(SI0,)Hh 58.01% ~ 67.78%, K;0/Na,O
BN 0.73 ~33.00. W Lo % B &K 102.55 X
107% ~ 196.2 X 1075, LREE/HREE = 11.13 ~
17.08, (La/Yb)y = 12.99 ~ 25.79, 8Eu = 0.77 ~
0.88, 5 F K FESE (2002) B & AR F 3 IE B Rk
A w(SIO)EAEBE R (5% ~T76% ) BHES
K;O/Na,O KT | WL oR BB FIN 185.85
X107 8. BH L CHRBEE.(Lo/Yb)y FHIH 24.27.
W THSEu T 0.74 MR REER—B. Htx
D4 R 2 = e F A AH I, UL BH A R T Bk
B R —R4E, FHRLHKSERRE.

FIH AbOy/NayO+ KO+ C£0-SI0, EI R 8b)
FE ST RN, & E VT A s TS M
SER DM OFAREAST HAX. XEHEWH
EFTIES. FH Rb-Ba-SrC B 8a) EARAIH, 139 Fu
A OBEHREANREEREX, HRABEAGRRNKE
B, 50 BH e b g 2 R R R, R Y
AR5 A B H RN LA — B ER,

5.4 RN HHEMEEKE
ek R A8 R A B SRS E, BROCE (Mao

Rb

4 '?',.

SN
“ o S 5Mo. Sn. W
T E SRR

Ba Sr

w810, )

et al. » 1999 A E B AHEEHT B Re S B
A, ARE. RBEHEIER XFEHETFF N
wlRDBIHN 2 X 1074+ 21 X107 5—>2n X 1075,
BB T R, X EHT w(ROBEE N
77.5%X 1075 ~286.2 X 107 6(& 3), ‘¥ 162.9 X
1078, P BRE BT 9 R EERE S5 R RE AR
FX, MNTOERETS/SS WBWHEHE N
0.705 73CHRER 1B, 2002, FiE L HuIS Y Sr/0Sr HT 16
LEAB(0.702 ~0.706), R H MK IE T LHipg.
RBETEASET KAT ARSSHE—BN —1.4%~
+2.67% BELESCOEZ DT 10%0, FFELE
fH 73 8.06, B[l AL T 8P Copp (HEEIE — 5% (AR JESL
&, 1995: 1998; FREESE, 2002), & & H WM HIAER
9L (Collins et al. » 1982 Bonins 2004; ¥ X B 4%,
2004; TRH L, 2004; Sillitoes 2010, A4 HKTE K
FREAT LHhbe— T Hi5E,

AR PR T R E R B A R AR R
R 7E NapO-KOE 9B KA T 1 84
RER, MIERET ABMNSAERER: NG
FF ¥ Ca-(F* +F )-Mg(R 4, B o) BREA
FIBA 7 A/ME-C/MF(E 9c) BB XWAET
AN AR BRX, R T BA R
BLFEngiE AW A .

BRI, T RL A G 36 T B A H 0B ¥ 5 JRAE B A
BHREGTHEBERABTRE BRTEAX TR
Hei ik, BEE RS ROERAES S TG 1EH.

80
‘ ® 57201-1
W 401-11
i CRUERR"S & 101-25
70 * 5620
O O €67
A O 1302-9
- o A CGY
DS C— - & XHK]
4
b
SOl :
1.0 1.2 1.4 1.6 1.8 2.0
w(ALO) w(Na,0 1 K,01Ca0)

B g MMHEKAESE &R Rb-Ba-S(a)f ALO,/NayO+ KO+ CaO-SiO (b B AR
Fig. 8 Rb-Ba-Sr and AlL,Oy/Na,O+ KO+ Cal ve Si0), discrimination diagrams for the intrusive rocks in Chigou area
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Ca  e201-60-1-Hb 8
wS7200-1-4-1b |
l e 4 1302-51-A-1-1Ib 45 R
. A101-23 2 (‘-:(:';:"3;”?) 61 BAMRIRL..
4.0 © ot «SG20 ° §(3‘5}'j"|lb S
- B/ mb 0 CGT SRR ST EE Y T
<, Ly A o 1302-9 E 4 il A Rk
Z30 ACGHE @
T W < XHK | 7 A
3 , o BT
201 St 27 et AR
: a P T
L 30 40 50 60 70 0 e T a
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WK,0) Te” —Te Mg M

B9 XA REER NoOKOXKR (B RA Ca(FP* +F )-Mg(bh)R A/MF-C/MF e, B R B M
UE R Collins et al. » 1982; Altherr et &l. » 20000
A=n{ALOy i M=n(MgD): F=a{TFeO» C=n(Ca0): A/MF=n{ALD;)/ n(TFe) + n(Mg0Od: C/MF= n(Ce0)/ a{TFeD) + n{(MgD)
Fig. 9 NaOKz0 (a)s hornblende Ca-CFe?* + Fe** )-Mg (b) and A/MF-C/MF (c) discrimination diagrams for the
intrusive rocks in Chigou area base map after Callins et al. . 1982; Alther et al. ; 20002

&4 EHEF2ARFANTEFRIRELRIAER
Tahle 4 Eleciron microprobe analyses of hornblendes from the main introsive rocks in Chigoun area
wl(B/ %
E=4 s e Has

S0, ALOs  FeO Cad MO | NgO KO Cp(Q; T MDD EA
kol | 201-60-1-Hb 44.44 8,30 16.63 10.11 12,30 2.42 1.00 1.28 0.68 97.36
kol | 5G20-2-Hb 49.45 5,03 12,78 10,92 16.14 1,30 0.54 1.27 0.60 98,03
AV 1302-51-A-1-Hhb 45.66 9.54 8.79 10.24 17.64 2.82 0.9 0.06 1.8 0.17 97.73
VI CG3-3-Hb 54.08 1.32 13.51 . 11.46 15.65 0.45 0.18 0.55 0.89 98.09
I S8YG1-2-Hb 49.48 563 13.57 10.39 15.17 1.38 0.39 0.56 0.64 97.21
FRFLH 57201-14-Hb 48.95 5.47 12.18 10,40 16.34 1.23 0.56 0.08 0.84 1.23 97.28

H: 201-60-1-Hb B R RE AR AR R P EBARFECE M E LR PO EPMA-1600 2 BT EREHL BT .

5.5 MpERHES T

Rb-Y + Nb ! Rb/30-Hf-3Ta #4124 51 E #2 (&
10a-b) &7, BEGE T K W I KA X i, W 7E R1-
R2HAMNEPHRLETREBESHENAER ST (H
100), BRXWEERERE . kK, PLZEEN
ST RR SR 52 7 4 A - Ly PR s X o o R Oy T 98 BE A7 7E
By HE BT I oK A (B AR, 2002: 4R,
2004), XN FER AR HERAXLE(FEHSE,
2006; # %1 %, 2008). #£ A/MF-C/MF B # & (&
9O, MAFREANENENBLBEREBRN. &4
H 10 AKX A EERXRETETRBETE
JE BN B KL, RS T XN
RRTREEE R LSRR, ) R R B kL
BRI P .

X P E R A SRR &N &M
B HABEIERTE B IWER RS s R
LA R SOBA & B HE I B AL R RS, BBk

SAGTEIT F—BU(F K SR, 2006; £ K5, 2010;
ERES, 2014), N5 FEEAMHERHN ALK
B BRI B RAET 140 Ma 6 (EBR
%, 2000 WA . ARMEERAG.EHTBER
ST RPE—OBALE-M R H, BB HER
B RO IR B S T IR BRI (1 Y S B
P L 4 2 1 32 (Mleng et al. 5 2000; 7K E 5%,
1996), MIFACER i M R 78 N I HREEHIK
SEYTRIZR VG [ 26 7 B AR v 4 ) B £ B P 208
BRERNE. A THAFEAFAEERM, REN
FAHBRUUER, FIRRAE R LREHRTT, KRR
5 W B AE I AR IRA F IE R R B E RIS E
EREWM. MERTHRYREERBMERE Cu
TCEMIER SR, FENEHESEE LADRER
P, BRABIRUEHET RETENTRESR, B
BT 5 RBEIER RS T RXMBESE AR
7
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Fig. 10 Rb-Y+Nb (ad. Rb/30-Hf 3Ta {b) and R1-R2 (¢ discrimination disgrams for the main intrusive rocks in Chigou
area (base map after Pearces 1996: Harris et al. » 1986; Batchlor et al. + 1985)

6 4 ®

(1) fH X PR S RS RRBEELY —
KERBSRNERNKE, BERERIER], S
JR-HERE.

(2) fBH AR E A TR BR L 2 G R
R, WL LRLEANT 200x 1075, WL T ERRES
AT EREm L LR, HEFRY, HE
JLEHFA K .Rb-Th-Ba B, Zr - Hf-Sm. Y- Yb Ti#
R4F i, BR R TR IR AW O HETE.

Q) BANELERERH, BB X P RS &
FI45A U-Pb RAr EFE#8 A 140 ~ 148 Ma, #HF
Re-Os FIAL K H I RER N(148.1+2.0) Ma, B R
B AR TRNRRTSHETRE RE
FHtrT . HERERNNTHRIERRSHTIR
BembE 5 p Rl Py AR R R .

(4) GFE&ATIA, K APEESET B G Bl
REILSHFHERNRRMBE S E- RSN, &
AEEE RREY R LR SRR TR L
H, MERTHROEREBHERE Co TR
KBS, SEREERERTT LI 3 M7 k5
B, HHA A 7 R TR T A A T
B .
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